ABSTRACT The purpose of this paper was to compile all available literature comparing the relative performance of 2-hydroxy-4-methylthio butanoic acid (HMTBA) with DL-methionine (DLM) in broiler chickens and using multiple regression techniques, to estimate the predicted dose responses and relative performance of the 2 Met compounds for gain and feed conversion (FC). A database was developed that contained all available broiler studies in which HMTBA and DLM were both present in the same study; weight gain was recorded; Met addition, age of birds, and duration of study were defined; and an unsupplemented control treatment was present. Sixty-two references complied with these criteria and included 100 experiments with 427 observations for HMTBA and 411 for DLM. Multiple regression analysis of the database was used to identify the experimental and dietary conditions that contributed to the gain and FC responses of each source of Met activity. All identified variables contributed similarly to each Met source predic-
INTRODUCTION
In poultry diets, Met is considered to be the first limiting amino acid, and synthetic Met activity is typically added either as DL-methionine (DLM) or as 2-hydroxy-4-methylthio butanoic acid (HMTBA). Both products are available in liquid [Alimet feed supplement (Novus International, Inc., St. Louis, MO) contains 88% HMTBA; AT88 (Adisseo, Antony Cedex, France) contains 88% HMTBA; Liquidmeth (Degussa Hulls, Dusseldorf, Germany) contains 40% DLM] and dry forms [MHA feed supplement (Novus International, Inc.) contains 84% HMTBA; DLM powder contains 99% DLM, various suppliers]. Although both compounds provide Met precur-693 tion model and both gain and FC models described a quadratic dose response. Under the average conditions of the database, the predicted responses for gain and FC models did not significantly differ between HMTBA and DLM. However, a trend was observed (P ≤ 0.1) for the peak gain response for HMTBA to be numerically greater than DLM, suggesting benefits of HMTBA over DLM in the region of supplementation that is commercially relevant. The experimental and nutritional conditions that contribute to the response to HTMBA and DLM were identified and are discussed in the paper. This statistical approach provided a means to summarize the results obtained from a multitude of studies conducted over the last 5 decades and has provided a meaningful estimate of the relative performance of the 2 sources of Met activity. The lack of differences between the 2 predicted models under experimental and commercial conditions supports an overall conclusion of equal performance of DLM and HTMBA when compared on an equal molar basis.
sors to the animal, there are substantial differences between them with respect to chemistry, absorption (Knight and Dibner, 1984) , transport in the body (Lobley et al., 2001) , and metabolism by the tissues (Dibner, 2003) . Extensive research evaluating the relative efficiency of HMTBA and DLM as sources of Met activity in broilers has generated a large number of studies over the last 5 decades; however, no efforts have been made to provide a comprehensive summary of all existing literature in which the environmental and nutritional factors that determine the response to HMTBA and DLM could be evaluated.
Because HMTBA and DLM both provide Met activity, it has been assumed that they both demonstrate the same performance dose response. This assumption is evident in several studies that have compared the relative performance of the 2 Met source using slope ratio analysis in which an asymptotic exponential curve with common intercept and plateau was fitted over the mean response to greater levels of the 2 Met sources (Jansman et al., Figure 1 . Distribution of the gain response to 2-hydroxy-4-methylthio butanoic acid (HMTBA) and DL-methionine (DLM) across levels of supplementation. Gain response to HMTBA and DLM supplementation followed a quadratic response. Fifty percent of the observations fell in the deficient region of the response curve, between 0.02 and 0.10%, and 98% of the observations fell in the levels of supplementation of 0.4% or lower, resulting in a nonsymmetric distribution of levels of supplementation with high frequency at the low levels of supplementation.
2003
). This bioassay technique assumes that HMTBA is a dilution of DLM and, therefore, both sources follow similar asymptotic exponential response curves that reach the same plateau response. There are several studies in the literature that either demonstrate different dose response characteristics or that assumed a common dose response but the published mean responses do not support the assumption González-Esquerra et al., 2004; Vázquez-Añ ó n et al., 2003a,b,c) . Given the evidence for a different dose response, it is critical that a statistically valid approach to compare the 2 Met sources is used, such as one that allows the data from each source to define its own response curve model and determine relative performance of HMTBA and DLM by comparing the predictions of each model. Multiple regression analysis as described by Neter et al. (1985) is a statistical approach used in a variety of animal nutrition fields (Thompson et al., 1993 , Rosen, 1995 Doepel et al., 2004; Hristov et al., 2004) to identify and quantify factors that contribute to the prediction of a response using previously published information. All available test data can be integrated into a nutritional model, in which the experimental and nutritional conditions of each study are taken into account in the analysis (Rosen, 1995) . It also allows for comparison of results obtained over a long period of time in a single comprehensive analysis. Incorporation of all available literature in such a way allows for a broader inference space than that obtained from a single study. Neither are there any a priori assumptions regarding the relative dose response of either source of Met activity, allowing the data for each to dictate the best model that will predict the response. It also identifies and quantifies the contribution of the different nutritional and experimental conditions to the Met response. The analysis goes beyond providing a single efficacy value for HMTBA and DLM, which in the case of different dose responses leads to invalid conclusions. Rather, by providing predictions for the selected use conditions with associated standard errors, contrasts of the predicted performance from HMTBA and DLM supplementation can be tested to determine probabilities for differences to occur between the 2 Met sources. Despite years of study, there remains today some controversy regarding the relative bioefficacy of these 2 sources of methionine activity. Given the disparity in the estimates of bioefficacy of these 2 products, it appears that the nutritional and experimental conditions employed may play a role in the range of reported conclusions. The purpose of this paper was to compile all available literature comparing the relative performance of HMTBA and DLM in broiler chickens and using multiple regression techniques, quantify the contribution of nutritional and experimental conditions to the response to Met, and estimate the predicted dose response and relative efficacy of the 2 Met sources for gain and feed conversion (FC).
MATERIALS AND METHODS

Compilation of the Available Literature into a Database
Extensive research has been done since the 1950s in which the performance response to HMTBA and DLM supplementation has been evaluated and compared in growing broilers. A survey of the available scientific publications (full papers and abstracts) was done by accessing the NERAC database from 1950 to 2004. Certain unpublished reports available to the authors were also included in the database and are provided in the appendix section with the list of references.
The criteria for inclusion of the studies in the database were purposely kept broad to incorporate the greatest representation of the available information. The criteria included: (1) that both HMTBA and DLM were present in the study. This guaranteed that the prediction equations for the 2 sources were derived from the same extensive sample of genetic, nutritional, and experimental circumstances, (2) BW or gain was the primary measure required to evaluate performance, (3) the level of supplementation of both sources was defined, (4) there was some indication of the duration of the study and age of the birds, and (5) an unsupplemented control or basal treatment was present in the study.
A total of 62 references that provided 100 different experiments complied with the selection criteria just described and were used to build the database. A list of variables was identified and extracted from each of the 100 experiments as described in Tables 1 and 2 . Descriptive variables such as bird gender (sex), physical form of Met source, sick birds, and type of facilities were converted into indicator variables, 0 or 1, for use in the regression analyses. An indicator variable estimated the average effect of the classification it represented on the performance variable when simultaneously taking into account the other independent variables in the model. In the case of bird gender, the majority of the studies were run with males, followed by mixed sex, and a very small proportion of studies with females only. A male indicator variable was defined such that a value of 1 Table 3 . Description of the parameter estimates, SE, and probabilities associated with the independent variables of the DLM (DL-methionine) gain response prediction model that were identified as significant using the multiple regression analysis of the available DLM database indicated that males were used and 0 if not, and a mixed indicator variable had the value of 1 if both males and females were used and 0 if not. The information from each study was entered into a database. Entries and calculations were independently cross-checked to ensure proper filing of the data and to prevent repetition. Performance variables like feed intake (FI) or FC were generated from FC and BW gain or FI and BW gain, respectively, if they were not reported. The performance variables were all expressed as BW gain (grams), FI (grams), and FC for the entire study period. An average weighted nutrient profile was calculated taking into account FI and the reported dietary nutrient composition of each of the feeding phases of a given study, by using this equation: Average weighted nutrient profile = Σ i (FI i × % Dietary Nutrient i )/Σ i FI i ; in which i = feeding phase (starter, grower, finisher).
It was found that the dependent performance variables (gain and FC from HMTBA and DLM treatments) were highly correlated (0.98) with the control perfor- Table 4 . Description of the parameter estimates, SE, and probabilities associated with the independent variables of the 2-hydroxy-4-methylthio butanoic acid (HMTBA) gain response prediction model that were identified as significant using the multiple regression analysis of the available HMTBA database 
Evaluation of the Environmental and Nutritional Factors that Contribute to the Response to HMTBA and DLM
The second step of this process was to identify and quantify the contribution of level of supplementation, and nutritional and environmental conditions to the response to each Met source using multiple regression Table 5 . List of observations identified as outliers by 2-hydroxy-4-methylthio butanoic acid (HMTBA) and DL-methionine analysis of the existing published information.Once the database was generated for each Met source, the gain and FC prediction models for each Met source were built using PROC REG of SAS (SAS, 2003) with the STEPWISE option. The criterion for entry and exclusion of the independent variables was set at a probability of P < 0.05 and P > 0.1, respectively. To determine a suitable initial model, 3 key criteria were used during the regression process: first, the predicted model had relevant biological meaning; second, the inclusion or exclusion of the variable improved the R-square (R 2 ); and third, the number of observations used to generate the model was higher than one-third of the total observations in the database.
Once the initial model was chosen, the stepwise process began. At a given step any observation(s) with an absolute value for their studentized residual >4 or the absolute value of their influence statistic >2 were defined as outliers and removed from the next iteration of the analysis. The purpose of these criteria was to ensure inclusion of the broadest range of observations without including values that were clearly outside the average of the database. The next iteration of model fitting used the data set without the previously identified outliers. This process continued until no more outliers were detected. In all cases, removing the outliers significantly improved the R 2 of the prediction models. Since a major objective of this work was to compare the responses associated with the 2 Met sources, several scenarios were defined and used to predict the dose response for each Met source using the gain and FC prediction models. A set of predicted values for each Table 6 . Description of the parameter estimates, SE, and probabilities associated with the independent variables of the 2-hydroxy-4-methylthio butanoic acid (HMTBA) feed conversion response prediction model that were identified as significant using the multiple regression analysis of the available HMTBA database 
RESULTS AND DISCUSSION
Compilation of the Available Literature into a Database
Description of the nutritional, management, experimental, and performance variables of the database are presented in Tables 1 and 2 . The compilation of available results presented in the database represent more than 5 decades of research with the earliest published study comparing DLM and HMTBA in 1952 and the most recent data published in early 2005; 33, 24, and 25% of the observations were published in the '80s, '90s, and the last 5 years, respectively.
The average conditions of the database represented studies carried out in controlled environmental research facilities in which male birds were placed during the first week of age in battery cages and fed starter and grower mash diets to 31 d of age that were deficient in Met and Cys but adequate in other nutrients. Addition of Met activity averaged 0.15% with an overall improvement over basal in gain and FC with Met supplementation of 19 and 17%, respectively. Table 7 . Description of the parameter estimates, SE, and probabilities associated with the independent variables of the DL-methionine feed conversion response prediction model that were identified as significant using the multiple regression analysis of the available DLM database The range of HMTBA and DLM supplementation was between 0.02 and 2.0%; however, 98% of the observations fell in the levels of supplementation less than 0.4% with only 8 and 10 observations from DLM and HMTBA, respectively, above 0.4%. These resulted in a skewed distribution of levels of supplementation with very low frequency at the high levels of supplementation as described in Figure 1 . A decision was made to exclude the observations that contained levels of supplementation higher than 0.4% from the analysis. These observations were well outside the range of the rest of the data, and the levels were so high as to result in substantially negative effects on performance and were identified as outliers and highly influential observations, particularly for DLM. Therefore the final HMTBA and DLM database contained 417 and 403 observations, respectively.
Given a desire to apply results of this type of research to commercial practice, it would appear that more research should be conducted in the future with chickens grown to market weights, under commercial management conditions, and fed pelleted diets with levels of Met nearer the levels of expected use. It is also clear from this review of the literature that a more thorough description of diets and study conditions in the published literature would make these types of compilations more accurate.
Evaluation of the Experimental and Nutritional Conditions that Determine Gain and FC Response to HMTBA and DLM
The second step of this analytical process was to identify and quantify the contribution of the experimental and nutritional conditions to the response to each Met source. Prediction models for each Met source were constructed using STEPWISE regression analysis of the created database. The independent variables included in the initial model were: control value of the dependent variable, level of supplementation, level of supplementation 2 , age of the bird at start and end, year of publication, form of Met source, males, type of cage, presence of coccidiostat, presence of antibiotic, feed processing (pellet vs. mash), dietary CP, energy, Lys, basal Met, and Cys. These variables represented the environmental and nutritional conditions of the studies included in the database that were not highly correlated with each other and resulted in no less than 200 observations per variable. Quadratic terms were only included for level of supplementation, and no interactions among independent variables were evaluated.
Gain Prediction Models for HMTBA and DLM. The derived prediction models for gain response to DLM and HMTBA supplementation are described in Tables  3 and 4 , respectively. The DLM gain prediction model consisted of 12 independent variables that were also present in the HMTBA model. The HMTBA gain model contained 3 additional variables including Met form, presence of coccidiostat, and dietary Cys.
The final DLM gain model was computed using 275 observations that represented 68% of the database. Two observations were identified as outliers (Table 5) , and 126 observations had missing values for at least one of the significant independent variables and were removed from the analysis. The final HMTBA gain model was computed using 278 observations that represented 66% of the HMTBA database. Five observations were identified as outliers (Table 5) , and 134 had missing values Figure 2 . Comparison of the dose response predictions of 2-hydroxy-4-methylthio butanoic acid (HMTBA) and DL-methionine (DLM) gain models under the average conditions of the database. The dose response predictions from each Met source gain models were compared under the average conditions of the database. The values entered in the model for each independent variable were: age of bird at start of study = 6.7 d: age of bird at end of study = 31 d; gain of control = 799 g; basal Met = 0.28%; dietary Cys = 0.30%, dietary Lys = 1.17%, dietary energy = 3,135 kcal/kg; dietary CP = 19.90%; year of publication = 1989; liquid form of HMTBA; dry form of DLM; level of supplementation from 0.02 to 0.4%; mash diets; and absence of antibiotic and cocciodiostat. No significant differences were observed between HMTBA and DLM gain predictions. However, as the dose response approached the peak response (0.22 to 0.25%), there was a trend (P ≤ 0.1) for higher gains for HMTBA than DLM. and were removed from the analysis. The outliers identified by the HTMBA and DLM gain models were observations from and Gonzá lez-Esquerra et al. (2005) . The gain responses to Met supplementation reported in these 2 studies were numerically higher than the rest of the observations in the database and could not be predicted by either the HMTBA or DLM gain models.
The variables present in both gain prediction models that positively contributed to the overall Met response were level of supplementation, age of bird at end of study, year of study, dietary Lys, CP and energy, pelleted diets, and presence of antibiotics in the diet. However, as gain of control, dietary basal Met, and age at start of study increased, the gain response to Met decreased. All variables contributed similarly to the prediction model, as reflected by the even contribution of each partial R 2 to the total R 2 . The adjusted R 2 for the total models was 0.57 and 0.51 for the HMTBA and DLM gain models, respectively. The HMTBA gain model predicted a higher response to HMTBA liquid than the dry HMTBA-calcium form. Both forms have been extensively studied, such that 71% of the HMTBA database contained the liquid form and 29% contained the dry calcium form. The significance of the Met form effect is most likely related to when the 2 forms of HMTBA were evaluated and what form was commercially available at the time the study was conducted. All of the earlier studies used the calcium salt or dry form (MHA feed supplement), the only available form prior to 1979. Most of the contemporary studies used only the liquid free acid form (Alimet feed supplement or AT88), which today represents 50% or more of the total methionine activity available to the animal industry. Consequently, the prediction of a greater gain response to HMTBA liquid vs. HMTBA dry is confounded by the improvements in bird gain observed in the last 20 years associated with progress made in bird genetics, management, and feeding regimes and does not reflect actual differences between the 2 forms of HTMBA. None of the studies in which the dry and liquid forms of HMTBA were compared observed such a difference in activity.
The amount of Cys in the diet was also identified as a contributing factor in defining the response to HMTBA but not to DLM. The gain response to HMTBA increased as the basal diet became more deficient in Met and Cys. However, the gain response to DLM is only affected by Met. The role of Cys in the response to HMTBA and DLM has not been extensively studied. found no differences between Met sources when varying the levels of Cys in the diet. More recent work by using commercial-type diets found improvements in the response to HMTBA addition in diets that contained adequate levels of Cys during the starter phase. However, during the grower and finisher phase, no differences were observed in the response to HMTBA or DLM with varying levels of Cys (Pillai et al., 2005) . These results suggest that further research would be warranted to better understand the role of Cys in the DLM and HMTBA gain response.
The gain model predicted a reduction in HMTBA gain response when coccidiostat was present in the diet. However, coccidiostat was not identified as a significant variable in the DLM gain model. Dietary inclusion of monensin or salinomycin has been associated with growth depression in young broilers with compensatory growth occurring with drug withdrawal (McDougald and McQuistion, 1980) . Poor feathering and feather picking associated with ionophore use led to the hypothesis that these drugs increased the Met requirement of the broiler, and reports of reduced Met absorption in the presence of Eimeria infections (Ruff, 1974) appeared to support this hypothesis. However, work to define the impact of specific coccidiostats on Met requirements have indicated monensin (Murillo et al., 1976; Patel et al., 1980) and salinomycin (Leeson and Summers, 1983) had no impact on Met requirement per se; however, lasalocid has been reported to exert a Met-sparing effect in broilers (Patel et al., 1980) . In each of these cases, however, the Met source was DLM and the relative effects of HMTBA in the presence of coccidiostats have not been studied. Although further study of this observation may prove interesting, the coccidiostat variable contributed only 3% to the total R 2 of the HMTBA model and would therefore not be expected to play a large role in the HMTBA response.
FC Prediction Models for HTMBA and DLM. The final prediction models for FC response to HMTBA and DLM supplementation are described in Tables 6 and 7 , respectively. For HMTBA, the FC prediction model was composed of 8 independent variables also present in the DLM FC model. In addition, the DLM FC model contained 2 more variables including Met form and presence of coccidiostat.
The final DLM FC model was computed using 274 observations that represented 68% of the database. Two observations were identified as outliers (Table 8) , and 127 observations had missing values for at least one of the significant independent variables and were removed from the analysis. The final HMTBA FC model was computed using 282 observations that also represented 68% of the HMTBA database. Three observations were identified as outliers (Table 8) , and 132 had missing values and were removed from the analysis. The outliers identified by the HTMBA and DLM FC models were observations from and . The FC response to Met supplementation reported in these 2 studies was significantly higher or lower than the rest of the observations in the data set and could not be predicted by either of the 2 FC models.
The variables present in the FC models for both Met sources that positively contributed to the overall Met response were FC of the control, level of supplementation, year of publication, pelleted diets, dietary energy, and Lys. As the age of the bird at end of study increased, FC response decreased. The FC of the control treatment contributed more than 65% to the total R 2 , followed by age of the birds at the end of the study, which contributed 25%. The rest of the variables each had a very small contribution to the total R 2 . This is somewhat different from the gain prediction models, in which all variables of the model contributed relatively similarly to the total R 2 . The FC of the control treatment also played an important role in defining the response to supplemental Met, such that the higher the FC of the control, the higher the response to either of the Met sources. The final adjusted R 2 was 0.84 and 0.87 for the HMTBA and DLM FC models, respectively, also somewhat higher than that obtained in the gain prediction models.
The DLM FC model predicted that the presence of coccidiostat in the diet would improve the response to DLM. Although this observation may be worthy of further study, the contribution of the coccidiostat variable to the total R 2 was only 0.2% and not likely to play an important role in the DLM FC response.
It is not clear why Met form was included in the DLM FC model. The DLM FC model predicted that DLM supplementation in the form of the liquid Na salt would result in poorer FC than the dry form of free DLM. There were only 6 studies published in the last 30 years that evaluated the efficacy of Na salt of DLM and complied with the selection criteria and represent only 6% of the DLM database. In none of these cases was there a conclusion that the response to the liquid form of Met was different from the dry form, and thus it may be more reflective of the scarcity of the data relative to the dry form of DLM.
Evaluation of the Gain and FC Dose Response Curves for HMTBA and DLM
To evaluate and compare the dose response predictions from each of the 2 models, a scenario was defined that represented the average conditions in the HTMBA and DLM databases under which the prediction models were generated. These values would therefore provide the greatest accuracy for the resulting predictions. The values entered in the model for each of the independent variables were: age at start = 6. For both Met sources, the quadratic term for level of supplementation was significant in the gain and FC models, indicating that Met supplementation followed a quadratic response. The level of supplementation required to reach maximum gain was 0.28% ± 0.05 and 0.26% ± 0.05 for HMTBA and DLM, respectively. For the FC model, the maximum FC response was achieved when level of supplementation was 0.27% ± 0.04 and 0.25% ± 0.04 for HMTBA and DLM, respectively. Given the average sulfur amino acid content for the basal diet of 0.58%, the total sulfur amino acid content at which the peak gain response was achieved would be between 0.84 and 0.86%, which is comparable to the values sug- When the predicted values of the 2 Met source models were compared, no significant differences were found for gain or FC under the average conditions of the database. This would suggest that the relative performance of HMTBA and DLM are not different. In the portion of the dose response curve with the low levels of supple- mentation, the differences between the predictions of the 2 models were smallest. However, as the dose response curve approached the peak response (from 0.22 to 0.25%,) there was a trend (P ≤ 0.1) for higher gains for HMTBA than for DLM. For the FC model, the magnitude of the differences between the predictions of the 2 models was generally smaller than for the gain model. The standard errors associated with the predictions also increased at and beyond the peak response, which is likely related to the fact that most of the studies in which the Met sources were compared have evaluated levels of supplementation below the peak response, providing a relative lack of data at commercial levels of supplementation.
These results provide clear evidence that the maximum response is defined as a peak rather than a plateau and supplementation beyond the peak response results in reduced gain and increased FC. The fact that very high levels of either Met source can result in reduced performance has been previously described . More recent studies have also demonstrated a quadratic rather than an asymptotic exponential response with levels of supplementation closer to commercial practices (Vázquez-Añ ó n et al., 2003a; Batal et al., 2004) . This is in contrast to the commonly employed practice of estimating the maximum response to Met using an asymptotic exponential model (Jansman et al., 2003) . It is possible that the quadratic nature of the Met dose response has been overlooked due to the preponderance of available data in the most deficient part of the dose response curve where the peak response might not have been reached or exceeded.
In addition, the models indicated that the consequences of supplementation of HMTBA beyond the peak response were numerically less negative than for DLM. There have been previous reports that DLM supplementations at levels well above requirements cause a greater reduction in broiler performance than HMTBA . The trend for numerical differences between the predictions of the 2 gain models at and above requirements has been previously observed in broilers (Vázquez-Añ ó n et al., 2003b,c) and turkeys and might be explained by the differences in chemistry, mechanism, and site of absorption (Knight and Dibner, 1984) , transport in the body (Lobley et al., 2001 ) and metabolism by the tissues (Dibner, 2003) of the 2 Met sources.
An additional prediction scenario was created that represented current commercial conditions using the feed nutrient profile and feeding practices reported by Agri Stats, Inc. (2004) . The values entered in the model for each of the independent variables were age of bird at start of study = 1 d; age of bird at end of study = 45 d; gain of control = 2,500 g; FC of control = 1.95; basal Met = 0.4%; dietary Cys = 0.32%; dietary Lys = 1.08%; dietary energy = 3,183 kcal/kg; dietary CP = 19.12%; year of publication = 2004; liquid form of HMTBA; level of supplementation from 0.02 to 0.4%; pelleted diets; and presence of antibiotic and cocciodiostat. The resulting dose responses and standard errors of the predictions for gain and FC are present in Figures 4 and 5 , respectively. When the predicted values of the 2 Met source models were compared, no significant differences were found. These results suggest that under commercial conditions, the relative performance of HMTBA and DLM would not be different. However, it must be understood that the accuracy of these prediction models deteriorates when running scenarios that use values for the independent variables that are substantially different from the average value of the database. Additional research needs to be done to confirm any directional differences suggested for the 2 Met sources.
Conclusions
The relative efficacy of HMTBA and DLM has been studied for more than 5 decades. Although both compounds are sources of Met activity, their chemical structure, manner and site of absorption, transport in the body, and conversion to L-Met are quite different. There have been individual studies that have demonstrated performance differences under specific conditions that have favored each compound, which has led to some controversy as to their relative efficacy. The purpose of the work reported herein was to compile all available literature comparing these compounds such that a prediction model could be derived for each Met source, taking into consideration the multitude of studies that have been conducted over time. No prior assumptions were made as to the relative activity of the compounds or the expected dose response, and models were developed for each compound independently. It is of interest that the shapes of the gain and FC curves were very similar for each Met source and the predicted gain and FC responses did not differ significantly between the 2 compounds. The estimates of peak response for each compound were also similar and in agreement with published NRC (1994) recommendations for total sulfur amino acid requirements of broiler chickens. A trend (P ≤ 0.10) for a better gain response to HMTBA at the peak of the dose response curve requires additional research to confirm. The results also clearly indicated that the gain and FC response was quadratic for each Met source. Given that Met supplementation beyond peak response may result in reduced gain and FC performance and the relative paucity of data in the peak response portion of the response curve, additional work to define the maximum gain and FC response to each Met source would be useful. Furthermore, these results support the conclusion that the relative performances of HMTBA and DLM are not different and that the multiple regression technique employed in this evaluation is an effective tool to estimate Met response and factors that contribute to it from a wide range of publications.
